Valproic acid (VPA) is used in the treatment of epilepsy and behavioral disorders. However, the exposure to VPA during pregnancy increases the risk of having offspring with autism spectrum disorder (ASD). Reports indicate that men are more likely to suffer ASD than women who were exposed to VPA prenatally. Few studies have related the sex differences and behavioral changes in the ASD rat model. Our aim was to determinate whether male and female Wistar rats whose mothers were exposed to either VPA (600 mg/kg; animal model for ASD) or saline (0.9%) i.p. at 12.5 day of gestation, have different effects on immobility induce by clamping (IC), dorsal immobility (DI), catalepsy, locomotor activity, stereotypes, and analgesia (tail flick). For this purpose, we made four groups (n = 8). Group: A) saline male rats, B) saline female rats, C) VPA male rats and D) VPA female rats. At 35 (prepubertal age), 56 (postpubertal age) and 180 days, we tested the behaviors previously mentioned. Finding that VPA has the same effect on IC, catalepsy, and analgesia in male and female rats, the time of these tests was increased. However, VPA only has an effect on DI in males but not in female rats. On the contrary, there is hyperactivity and an increase of stereotypes in female but not in male rats. Thereby, VPA has an effect on the three immobility responses tested (IC, DI and catalepsy), locomotor activity and analgesia but in a differential way on DI, stereotypes and locomotor activity between male and female rats.
Introduction
Valproic Acid (VPA) is used as anticonvulsant drug due to its efficiency treating seizures, and it is also prescribed as a mood stabilizer. However, the use of VPA during the pregnancy, as well as other antiepileptic drugs, is associated with teratogenic alterations and congenital malformations [1] . Even if VPA is administered with another anticonvulsant drug, it can induce effects more pervasive than that it induces itself [2] . VPA has been also proposed as an important factor in the etiology of autism. Some reports show that mothers who were administered with VPA when they were pregnant had children with similar symptoms to children with autism [3] [4] [5] .
The autistic spectrum disorder (ASD) is a pervasive developmental disorder (PDD). According to the DSM-V 5th edition [6] , the diagnostic is mainly based on: 1) persistent deficits in social interaction, 2) presence of repetitive behaviors such as stereotypical movements, 3) the symptoms that must be present in early developmental stages, though symptoms may manifest in later stages, 4) impairment in social functioning, 5) intellectual disability and social communication abilities that are lower than expected for general development level, which are not explained by intellectual disabilities.
Reports show that some autistic persons, as well as some autistic animal models have genetic alterations [7] [8] , suggesting that autism has a main genetic origin, although it can be a polygenetic disorder [9] founding deletions and other changes in chromosomes [10] [11] [12] . About genetics, autism is diagnosed more frequently in men than women, at a ratio of 4:1 [13] [14] . In animal models, sex differences in synaptic connectivity have been described which might lead to differences in prenatal VPA exposure. It seems that females are less vulnerable to exhibit autistic symptoms than males, which could be due to the innate mechanisms of protection that are present in females [15] [16] . However, changes have also been found in the brains of female autistic patients [17] . Animals prenatally exposed to VPA show similar effects to humans with autism [18] . Some of these changes are: hyperconnectivity and hyperplasticity in the frontal cortex [19] , a decrease in the number and size of the amygdala neurons [20] [21], a reduction in the number of Purkinje cells in cerebellum [22] [23] , an increase in the volume of caudate one [24] , and a series of changes in the hippocampus [25] [26] such as reduction in the size of CA4 cells and the dendritic branching of the CA1 and CA4 cells [27] . Besides, some changes in neurotransmission have been found, such as delay in the maturation of serotonergic neurons [28] , an increase of the serotonin neurotransmission in the hippocampus, as well as an increase in dopaminergic neurotransmission in the frontal cortex [29] . A neuroprotective VPA effect on dopaminergic neurons in the midbrain has also been found [30] . An increase in NMDA receptors [31] , a reduction in enkephalins [32] , and alterations in the endocannabinoid system in the hippocampus and the cortex have also been reported [33] .
Behavioral changes induced by VPA were found during the early postnatal life [36] . These animals also have less social interaction.
As we mentioned before, the ASD is characterized by a deficiency in social interaction, verbal and nonverbal impairments. Within these alterations, there are lack of ocular contact, facial expressions, and corporal gestures, as well as cognitive impairments and sensorimotor deficits [37] . A person with ASD also shows stereotypical behaviors. These individuals can be also vulnerable to catatonia [38] [39] [40] , but also have freezing and slow movements [41] that can reflect immobility.
Immobility responses are characterized by a lack of response to external stimuli. These kinds of behaviors are presented in a great variety of species and they are shown in a wide spectrum of circumstances, from transport offspring to escape from predators [42] . This response can also occur in neurodevelopment diseases, as schizophrenia [43] . Behavioral changes have been described in animal models with neurodevelopmental diseases, such as immobility responses, locomotor activity and a diminished response to pain. Thus, the purpose of this study was to investigate possible links among these behaviors in a model of autism by exposure to VPA. Furthermore, we wanted to compare these responses between male and female rats.
Methods
Wistar rats were housed in a temperature-and humidity-controlled environment on 12 h light/dark cycle, with free access to food and water. The progeny exposed to either VPA or saline in utero was obtained letting the progenitors rats mate for two hours (period of time enough to get pregnant the rat). Pregnancy was determined by the presence of a vaginal plug, taking this as the first day of gestation. At day 12.5 of gestation, each rat was intraperitoneally injected with saline (0.9%) or sodium valproate (600 mg/kg). Four groups were formed with the offspring of mothers injected with saline or sodium valproate (VPA): male rats exposed to saline 0.9%, female rats exposed to saline 0.9%, male rats exposed to VPA and female rats exposed to VPA (eight rats per litter). The offspring were weaned on postnatal day (PD) 21, and were housed in the same groups formed before. Different behavioral tests as immobility responses, locomotor activity, and analgesia, were measured on PD 35 (prepubertal age; n = 8), PD 56 (postpubertal age; n = 8) and PD 180 days (adulthood; n = 6).The effect obtained was statistically significant with six adult rats, so was no necessary to use more.
All experimental procedures described in this study are in accordance with the guidelines of the Mexican government (NOM-062-ZOO-1999), which details the technical specifications for production, care, and use of laboratory animals. The internal Bioethics Committee approved this protocol. 
Immobility Responses
The immobility responses were induced in the rats on PD 35, 56 and 180, by the following three methods [44] .
Immobility Induced by Clamping
Two clamps were applied, one on the ventral neck and the other on the back of the neck; the pressure was sufficient to lift the whole rat with the clamp. Then, the rat was placed on a flat surface on its side. The duration of the response was measured, since the animal was placed on its side, until it recovered its prone position, or for a maximum of 180 s [44] .
Dorsal Immobility
The rat was gently grasped by the skin of the dorsal neck and lifted off its feet; preventing any part of the rat from touching any other surface. The duration of the dorsal immobility response was measured once the rat was still (which was instantaneous) until it made escape-like movements or for a maximum of 180 s.
Cataleptic Clinging
The rat was placed on two horizontal stainless steel rods (2 mm in diameter, 19
cm long, mounted 8 cm (or adjusted to the rat) vertically apart) in a Plexiglas support (23.5 × 20.5 × 12.3 cm). The duration of the response was measured once the rat was still (which was instantaneous) until the rat did not sustain the position or for a maximum of 180 s.
Locomotor Activity in an Open-Field (New Environment)
The rats were taken to the testing room 30 min previous to the test. 
Tail Flick Test
This test measures the sensitivity of the rat to the change of temperature on its tail. This test was done with the Tail-flick Analgesia meter (Columbus Instruments). The rat was restrained in a conical polypropylene tube with an opening through which its tail was exposed. The tail was exposed to a heat lamp (stimulus) and the time was measured from when the stimulus started, until the rat moved or flicked its tail away from the heat. The maximum time allowed for the rat without taking away its tail from the heat lamp was 15 seconds [46] . 
Statistical Analysis
Behavioral test data (immobility responses and locomotor activity) were compared by two-way repeated measures (RM) analysis of variance (ANOVA) test followed by the Student-Newman-Keuls post hoc test comparisons, with VPA exposure treatment, and age as independent factors (P < 0.05 as statistically significant) and male or female within the subjects factor.
Results

Effect of Prenatal VPA Exposure on Immobility Responses Measured at Different Ages in Male and Female Rats
In male rats prenatally exposed to VPA (Figure 1(a) 
Effect of Prenatal VPA Exposure on Locomotor Activity Measured at Different Ages in Male and Female Rats
VPA male rats had no changes in locomotor activity: distance traveled ( Figure  3 
Effect of Prenatal VPA Exposure on Tail Flick Test Measured at Different Ages in Male and Female Rats
In VPA male rats ( Figure 5(a) ) the time to retract the tail from the heat was augmented (analgesia) (treatment F (1, 14) = 9.572, P = 0.007), however, this effect was presented just 35 (post-hoc test P = 0.035) and the 180 days (post-hoc test P = 0.04). VPA female rats ( Figure 5(b) ) showed effects only on day 35 (treatment F (1, 14) = 4.299, P = 0.053; post-hoc test, P = 0.012), but there were differences between VPA female rats on the days measured (post-hoc test: day 180 vs. day 35, P = 0.021; day 180 vs. day 56, P = 0.017; day 56 vs. day 35, P = 0.715). Nonetheless, the time to retract the tail was increasing with age in control female rats (age, F (2,23) = 13.242, P < 0.001; post-hoc test: day 180 vs. 35, P < 0.001; day 180 vs. day 56, P = 0.033; day 56 vs. 35 , P = 0.021).
Discussion
It has been reported that ASD is 4 to 5 times more frequent in boys than girls. However, recent studies suggest that this rate probably is not real, due to ASD often not being adequately diagnosed in girls/women. Maybe girls/women have different signs and symptoms than boys/men. The majority of the models of ASD in rodents are done in males, because the models in female rodents are very scarce. Based on the above, we decided to evaluate different behaviors in the autism model, administering VPA to pregnant rats. The offspring of these rats was used as a model of autism, because they show signs and features present in people with ASD [47] . In this study, we found that both male and female rats exposed to VPA prenatally exhibit behavioral changes on day 35 (prepubertal age) and these changes were maintained until adulthood (day 180) in some trials. These findings are consistent with clinical reports in which ASD is diagnosed primarily in children. However, we found differences in the behaviors evaluated between male and female rats exposed prenatally to VPA. The immobility [48] . These responses are affected in animal models of neurodevelopmental diseases such as schizophrenia [43] [49] . Besides, disturbances of movements in children could help to diagnose children with ASD [50] . This is the reason why we evaluated three kinds of immobility responses: dorsal immobility (DI); immobility response induced by clamping (IC) and catalepsy. In the IC response, there were no differences between male and female rats exposed to VPA prenatally, both increased their IC duration on day 35, decreasing significantly with age. In previous works, we have found that the immobility response by clamping is modulated by the dopaminergic, adrenergic system, as well as the hypothalamus-pituitary-adrenal glands [46] [51] [52] . In the neonatal hippocampal lesion (model of schizophrenia) in the rat, the duration of this response is increased. We could assume that autism and schizophrenia may have responses and modulation pathways in common, which may be increasing the release of cortisol in some way. It has recently been reported that children diagnosed with ASD present an elevation of the stress hormones [53] , particularly cortisol, which agrees with our results. On the other hand, there was a differential effect between male and female rats exposed prenatally to VPA for the duration of dorsal immobility (DI). In this response, only the male rats increased their time of immobility, an effect that was shown at the three ages studied, instead, there was no effect on female rats. As previously reported, DI and IC responses can be differentially affected. The stimuli that trigger these two kinds of immobility responses vary, due to the regions of the body that are involved. Although both are performed for protection, they are presented in different circumstances [42] [54] [55] . There is a connection between the trigeminal nucleus, the vestibular system and the immobility response [42] [56] . In addition, it has been found that in a model of autism, there is an alteration in the trigeminal nucleus [57] , which suggests that the disturbance in this nucleus could modify the immobility responses [58] . Catalepsy was presented in male and female rats exposed prenatally to VPA, but not in control rats, although this effect decreased in male rats and was only significant on day 35, in females the effect remained until adulthood. It is well known that catalepsy is closely related to disorders in dopaminergic systems. Indeed, dopamine antagonists are used to treat some symptoms, such as aggression and self-injury in ASD persons [59] . People with ASD may have catalepsy, being diagnosed generally during the adolescence (14 -15 years old) [40] [60] [61] , and remaining up to adulthood [62] . Therefore, it is relevant that male and female rats exposed prenatally to VPA have catalepsy, which makes it a good model of autism.
There are studies that demonstrate a possible connection between attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) symptoms [63] [64] [65] , however, until now this connection is unclear.
In this model, we found that female rats prenatally exposed to VPA exhibited an increase in their locomotor activity [66] , as well as in the time of stereotypy. Nevertheless, this was not obtained with male rats exposed to VPA prenatally. It is known that some people with autism [6] have stereotyped movements, and in About analgesia, in both male and female rats exposed to VPA prenatally, the latency of withdrawal time of their tail is increased, although in female rats it only appears on day 35 and in males, this increase is maintained up to day 180. It has been reported that people who have autism have reduced pain sensitivity, however, there is a study that suggests that people with ASD do not have decreased sensitivity to pain, what happens is that they respond differently to the variety of circumstances that trigger the pain response [67] . In spite of the discrepancies about pain in people with ASD, in this model, female and male rats had a longer period of latency in the withdrawal of the tail to a painful stimulus.
Our results support the theory that mentions that the rate of prevalence of ASD between boys and girls is not 4 to 1. That rate could be wrong because of the differences that boys and girls have during their development. Therefore, the alterations that they have are different, leading to a misdiagnosis [68] . It is also known that there are differences in multiple regions of the brain between boys and girls diagnosed with ASD. It has also been observed that there are differences in the connectivity of the white matter in the parietal and temporal regions [69] . This model in male and female rats can contribute to a better understanding of how children are affected by this disorder.
Conclusion
According to our results, we can determine that female and male rats exposed prenatally to VPA have different responses in this study, which can make it a good model to study and understand the differences that exist between boys and girls that suffer from ASD.
